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•	 The	site	fertility	significantly	affected	the	abundance	of	cowberry	on	mineral	soils,	spruce	













The	model	 for	 the	coverage	(Model	1)	was	constructed	so	 that	 it	considers	both	mineral	soil	
sites	and	also	many	other	sites	where	cowberry	occurs	in	the	field	layer.	According	to	Model	1,	
the	site	fertility	significantly	affected	the	abundance	of	cowberry	on	mineral	soils,	spruce	mires	
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1 Introduction
Cowberry (Vaccinium vitis-idaea L.)	is	one	of	the	most	common	and	most	abundant	forest	berry	
species in Finland (Hotanen et al. 2000). This species has adapted to a wide range of different site 
and	land	types	in	coniferous	ecosystems	and,	therefore,	is	widely	distributed	in	different	parts	of	
Europe	and	in	northern	Asia	(e.g.	Ritchie	1955;	Landolt	1996;	Grjaz’kin	et	al.	2006).	In	northern	











combined	with	 soil	preparation	 (e.g.	Tolvanen	1994,	1995).	The	 forest	density,	 as	well	 as	 the	
proportion	of	young	forests,	has	also	increased,	which	has	had	negative	effects	on	the	abundance	
(coverage)	of	cowberry	(Salemaa	2000;	see	also	Hedwall	et	al.	2013).
Cowberry	 is	 the	economically	most	significant	wild	berry	species	 in	Finland	and	it	also	
provides	 the	most	 abundant	 annual	 crops,	 varying	 from	approximately	130	 to	390	million	kg	
depending	on	the	crop	level	of	the	year	(Turtiainen	et	al.	2011).	Picking	wild	berries	provides	
many	kinds	of	benefits	to	people.	Berries	are	picked	for	both	household	use	and	sale,	and	berry	
















































development of the cowberry coverage and yields in accordance with the development of pine 
stands	in	southern	and	northern	Finland.
Fig. 1. Locations of MASI stands used in this study. Black circle (●) means that 
there was one stand per municipality. The cases with two stands and five stands 
per municipality are marked with symbols ○ and ★, respectively. Numbers 0–13 
refer to Forestry Centres of Finland.
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2 Materials and methods













see	e.g.	Finnish	Statistical…2012;	cf.	 the	 international	definition	of	 forests	e.g.	 in	FAO	2010)	







d) pine mires – transforming phase 










level	as	follows:	I	=	eutrophic,	II	=	herb-rich	(mesotrophic),	III	=	Vaccinium myrtillus and tall-sedge 
(meso-oligotrophic),	IV	=	Vaccinium vitis-idaea	and	small-sedge	(oligotrophic),	V	=	cottongrass	and	
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pine-dominated and fell forests (category f) mostly birch-dominated.





















ried (Table 2). 
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(e.g.	Raatikainen	1978).	This	fact	was	taken	into	account	so	that	in	each	stand	only	those	annual	
























Table 2. Main characteristics of cowberry and stands in the MASI data (193 
annual observations in 34 stands). Sites III-V refer to different site quality 
classes of mineral soil forests (III = mesic heath forest, IV = sub-xeric heath 
forest, V = xeric heath forest).
Characteristic N Mean Min Max
Number	of	berries	(m–2) 193 130.4 0 2338
on site III 15 233.8 11 1173
on	site	IV 154 122.4 0 2338
on	site	V 24 117.1 8 332
Coverage	of	cowberry	(%) 34 48.2 9 86
on site III 3 63.0 52 77
on	site	IV 26 46.2 9 86
on	site	V 5 49.4 22 76
Altitude	(m) 34 149.2 19 314
Temperature	sum	(dd) 34 1015.5 682 1337
Stand age (a) 34 75.7 5 300
Stand basal area (m2ha–1) 34 12.0 0 35
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where y is the mean percentage coverage of 2-m2	quadrates	in	the	stand;	Bin(n,	p) denotes the 
binomial	distribution	with	parameters	n	(binomial	sample	size;	in	this	study,	all	nijklm	are	equal	to	
100) and p	(expected	coverage	of	the	species);	logit(p)	is	a	logit-link	function;	and	Xijklm are the 
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The	development	of	 stands	 representing	mineral	 soils	 and	pine	mires	was	 simulated	on	
sites	 III,	 IV	 and	V,	which	 are	 typical	 growing	 sites	 for	 pine.	On	mineral	 soil	 sites,	 the	 initial	
























3.1 Model for the percentage coverage of cowberry
The model developed for the	abundance	of	cowberry	indicates	that	the	highest	coverage	can	be	
found	on	sub-xeric	heath	forests	(i.e.	the	reference	in	Model	1;	see	Table	3).	On	mineral	soils,	the	
coverage	of	cowberry	on	xeric	heath	forests	(V)	and	mesic	heath	forests	(III)	was	approximately	
Table 3. The multi-level binomial model (Model 1) estimated for the mean percentage coverage of cow-
berry on the 2-m2 quadrates in the stands of the PSP3000 data. Sites I-V and VII-VIII refer to different 
site quality classes (see Table 1). Mineral soils, spruce mires and pine mires pertain to forest land (i.e. 
categories a-e of this study).
Variable Estimate Std error t-value Odds	ratio p-value
Intercept –4.7902 0.4571 –10.48 0.008 <0.001
Site	(ref.	IV,	mineral	soils)	a)
site	I,	mineral	soils –5.1730 0.2410 –21.47 0.006 <0.001
site	II,	mineral	soils –2.5690 0.1396 –18.40 0.077 <0.001
site	III,	mineral	soils –0.4216 0.0687 –6.13 0.656 <0.001
site	V,	mineral	soils –0.4185 0.1403 –2.98 0.658 0.003
sites	I-II,	spruce	mires –2.0679 0.1567 –13.20 0.126 <0.001
site	III,	spruce	mires –0.7984 0.1179 –6.77 0.450 <0.001
sites	I-III,	pine	mires –1.8198 0.1543 –11.79 0.162 <0.001
site	IV,	pine	mires –0.5644 0.0959 –5.88 0.569 <0.001
site	V,	pine	mires –1.7620 0.1121 –15.72 0.172 <0.001
site	VIII,	poorly	productive	land –1.4831 0.2776 –5.34 0.227 <0.001
site	VIII,	waste	land –2.9819 0.333 –8.95 0.051 <0.001
FormerAgrLand b),	mineral	soils	 –0.9438 0.1993 –4.73 0.389 <0.001
Spruce c)	on	sites	I-III,	mineral	soils	and	spruce	
mires
–0.4327 0.0663 –6.52 0.649 <0.001
Deciduous	trees	c)	on	sites	I-III,	mineral	soils	
and	spruce	mires	
–0.7528 0.1009 –7.46 0.471 <0.001
1000/Temperature	sum	(dd) 2.5592 0.5561 4.60 12.925 <0.001
Altitude	(m) –0.0039 0.0008 –4.62 0.996 <0.001
Stand	age	(a)	on	sites	I-II,	mineral	soils 0.0106 0.0019 5.65 1.011 <0.001
Stand basal area (m2ha–1),	forest	land	d) 0.0157 0.0025 6.19 1.016 <0.001
Variance	components	at	e)
forestry centre region level 0.1211 (14)
municipality	level 0.1839 (367)
cluster	level 0.1819 (983)
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66%	of	that	on	site	IV	(see	Odds	ratios,	Table	3).	On	fertile	mineral	soil	sites	(sites	I	and	II),	the	
coverage	was	scarce.	If	the	stand	had	been	afforested	(i.e.	former	agricultural	land),	the	coverage	














Both	 the	 temperature	 sum	 and	 altitude	were	 significant	 predictors	 of	 the	 abundance	 of	
cowberry	in	the	case	of	all	categories	(a)–(g)	(Table	3).	Although	these	two	variables	correlated	




Fig. 2. Predicted coverage of cowberry in pine stands of different site fertilities (i.e. sites III-V; see the 
definitions in Table 1). The development of stands, representing mineral soils (A, B) and pine mires 
(C, D) in southern (A, C) and northern (B, D) Finland, was simulated using the Motti simulator (arrows 
indicate thinnings). Predictions were calculated using Model 1 (Table 3).
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Most of the unexplained variation (57%) of Model 1 was found at the stand level (Table 3). 
The sample plot-, cluster- and municipality-level residual variations accounted for almost an equal 
proportion (11–13%) of the total variation. The rest of the variation (7%) was due to the forestry 
centre region-level variation.
3.2 Model for cowberry yield
In Model 2, the site fertility was not a significant predictor for the number of cowberries (Table 4). 
Instead, the stand basal area was found to have a negative effect on cowberry yield. It was also 
found that the number of berries increased when the coverage of cowberry increased up to a cover-
age of 58%, after which the berry yield decreased. 
The temperature sum and altitude were significant predictors in Model 2 (Table 4). This was 
the case also in Model 1 (Table 3), but the effects of these two predictors were opposite in the two 
models. Model 2 suggests that cowberry yields are, on average, higher in southern Finland than 
in northern Finland (see also Fig. 3). In this context, it is worth noting that the number of stands 
was relatively low in the MASI data. In addition, the stands were not evenly distributed in the 
country (Fig. 1), which resulted in a high proportion of the unexplained variation at the forestry 
centre region level. Therefore, the results of this study concerning the effects of temperature sum 
and altitude on cowberry production can be regarded as quite tentative in nature.
In Model 2, the last year of the study period 2001–2012 was selected as the reference year 
Table 4. The multi-level Poisson model (Model 2) estimated for the mean number of cowberries 
on five 1-m2 quadrates in pine-dominated stands of the MASI data, measured in 2001–2012. 
Sites III-V refer to different site quality classes of mineral soil forests (see Table 2).
Variable Estimate Std error t-value p-value
Intercept 6.5404 1.0099 6.48 <0.001
Year effect (ref. 2012)
2001 0.6276 0.3083 2.04 0.044
2002 0.1742 0.3011 0.58 0.564
2003 0.3927 0.3118 1.26 0.210
2004 0.1290 0.2941 0.44 0.662
2005 1.0525 0.2960 3.56 0.001
2006 0.4146 0.2919 1.42 0.158
2007 0.1529 0.2700 0.57 0.572
2008 –0.2921 0.2682 –1.09 0.278
2009 –0.3474 0.2710 –1.28 0.202
2010 –0.2773 0.2698 –1.03 0.306
2011 0.1925 0.2714 0.71 0.479
Coverage of cowberry (%) 0.0966 0.0208 4.64 0.010
Coverage of cowberry2/100 (%) –0.0837 0.0217 –3.86 0.018
Ln (Stand basal area + 1) (m2ha–1) –0.4716 0.0993 –4.75 0.009
Altitude (m) 0.0071 0.0023 3.06 0.009
1000/Temperature sum (dd) –4.6264 1.0758 –4.30 0.001
Variance components at a)
forestry centre region level 0.2270 (12)
municipality level 0.0904 (27)
stand level <0.0001 (34)
stand x year level (“pseudo” level) 0.5024 (193)
a) The number of observations at each level is given in parentheses. A random term at “pseudo” level accounts for 
the overdispersion.
13











soils than on pine mires.
The	predicted	average	annual	yield	of	cowberry	was	the	highest	in	seed-tree	stands	and	in	
small	seedling	stands	(Fig.	3).	In	a	seed-tree	stand	located	in	southern	Finland,	the	annual	cowberry	
Fig. 3. Predicted average annual yields of cowberry and their 95% confidence 
intervals in pine stands on site IV (i.e. sub-xeric heath forest) in southern 
and northern Finland. The development of stands was simulated using the 
Motti simulator (arrows indicate thinnings). Predictions were calculated 
using Models 1 and 2 (Tables 3 and 4), and were also compared with the 
estimates computed using the models of Turtiainen et al. (2005).
14
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rarily after thinnings. 
The	predicted	yields	of	cowberry	were	also	compared	with	yield	predictions	computed	using	
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However, it is recommended that this kind of prescription should be based not only on the results 
of this study but also on previous cowberry yield models (especially empirical models) as well as 
empirical studies made so far, because of the special features related to Model 2.
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